In previous works we examined the systematics of magnetic dipole transitions in a single j shell. We here extend the study to large space calculations. We consider the nuclei 44 Ti, 46 Ti and 48 Cr. Of particular interest is the contributions to B(M1) of the spin and orbital parts of the magnetic dipole operator. Whereas usual scissors mode analyses have as an initial state the J=0+ ground state (of an even-even nucleus) we here start with the lowest J=1+ T=1 state. This enables us to reach many more states e.g. J=2, T=0, 1, and 2 and thus get a better picture of the collectivity of this state. We find that the B(M1) strengrh decreases exponentially with energy.
Introduction
Previously studies of magnetic dipole [1, 2] and Gamow Teller transitions [3] in the f 7/2 shell were performed. The nuclei considered were 44 Ti and 46 Ti and indeed the model space was the single j (f 7/2 ) shell. In usual scissors mode analyses for even-even nuclei one starts with a J=0
+ ground state and the final state is J=1
+ . In ref [2] , however, we start with J=1 + .From here there are many more places to go, e.g. to J=2
+ T=0,1,2 .One thus gets a better picture of the nature of the collectivity of this state. One striking observation was the fact that there were many strong B(M1) transitions besides the transition back to the ground state.
In this work we add 48 Cr to the list and most important we extend the calculation to the full fp shell. Will we also get strong transitions here? In the single j shell the ratio of the spin and orbit parts of the B(M1) is unique, i.e. independent of the details of the (single j) wave functions. However, this is not the case in the large space. So, we will give the spin, orbit and total B(M1)'s in various tables.
In all [1] . Mainly, we show B(M1)'s from the lowest J=1+ T=1 state to I=0+ and I=2+ states whose values are greater than 0.5. But we also show results to states of higher isospin even if this is not the case. And we show the transition to the lowest J=2 T=1 state in 46 Ti even though the value is 0.246. This is to emphasize that lowest to lowest are not always large. In Tables III,  IV , and V we show results in the large space for the GX1A interaction for B(M1)'s greater than 0.05 for 44 Ti and 48 Cr, and greater than 0.1 for 44 Ti.
COMMENTS ON TABLES I,II,III IV AND V.
Table I refers to the previous work of Harper and Zamick [1] . The scissors mode is usually identified as the transition from the J=0 ground state to the lowest. J=1 state. In 44 Ti this would be 3 times 1.182=3.546 However if we take J=1+ as our initial state we see even stronger B(M1)'s which leads us to question what is meant by collectivity. There is an even stronger B(M1) from J=1 T=1 to J=0 T=2 (1.955) than the "scissors transition" (1.182). There is a super strong transition (12.979 ) to a J=2 T=0 state at 4.957 MeV.
Let us compare this single j shell calculation with the large space calculation in Fig 4. The B(M1) to ground is enhanced from 1.182 to 1.503. The B(M1) to the strong J=0 T=2 state is also enhanced form 1.55 to 2.675.However the superstrong B(M1) is reduced from 12.979 to 5.512. Still the same general pattern is followed when we go from thesingle j space to the large space.
In
46 Ti in the large space (Table IV) the B(M1) from the lowest J=1 T=1 states to the J=0 T=1 ground state is 0.560 .in the single j space (Table II) 44 Ti there is here no large B(M1) to a J=0 T=2 state. This is simply due to the fact that in the single shell there is no J=0 T=2 state. The only higher isospin state with J=0 has T=3.One can see this from the fact that 46 Ca is a 2 hole state.
In Table V results are presented for 48 Cr in the large space. Whereas the B(M1) from the lowest (1,1) state to ground has a value of 1.101 there are several comparable ones including one to the (0,2) state at 10.368 MeV with a value of 1.142 and the (2,0) state at 7.206 MeV with a value of 1.104. There is considerable (2,2) fragmentation.
COMMENTS ON TABLES VI TO XIII
In tables VI, VII and VII we consider transitions from the lowest (1,1) state to lowest (J,T) states. The reverse transition (0, T min ) to (1,1) is usually associated with the collective scissors mode state [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The review article of K, Heyde, P.von Neumann-Cosel and A. Richter [8] contains many more references then what are included here. The single j results in Tables I and II are closely related to the single j shell results of Zamick [15] .
The B(M1)'s to ground in Table V for the 3 nuclei -44,46 and 48-in a large space calculation with the GX1A interaction are respectively 1.503,0.504 and 1.101. What is more illuminating is the breakdown into B(M1) spin and B(M1) 0rbit . Note that these do not add up to B(M1) total . We have to add amplitudes and then square.
Although, as shown in Table VI ((V n+V p)/2) . In the single j shell the value of s must be the same in the initial and final state in order to get a non-zero B(M1).
In Table VIII we have for 44 Ti an example of destructive interference between spin and orbit. The spin value is 0.2449 but the total is 0.1209. However for 48 Cr the interference is constructive. There is also destructive interference for 44 Ti in Tables IX and X . We also consider the decomposition into spin and orbit for cases where the B(M1)'s are large. These are shown in Tables XI, XII, and XIII. For these cases the spin and orbit amplitudes add coherently
COMMENTS ON TABLES XIII to XXXI
We give more detailed tables of B(M1)'s in tables 14 and beyond. We show results for total, spin and orbit in separate tables. Note than in 48Cr the lowest J=1+ state has isospin T=0. In the previous tables we used the next state, the first J=1+ T=1 state, as our starting point. As shown the lowest J=1+ state with T=0 has very weak B(M1)'s to T=0 final states. This is due to the well known result that the isoscalar M1 coupling is much smaller than the isovector one. Also in the single j shell limit these T=0 to T=0 B(M1)'s would vanish [20] . . This is not enough to reach the asymptotic region. We will do improved calculations in the near future. Although the points seem at first glance to be all over the place, a closer look shows an exponential decrease of B(M1) strength with energy. one can get a rough fit to Fig1 with log(B(M1)) = -0.69897 -(E-15) *0.20264 or equivilantly B(M1) =0.2 * 10**(-(E-15)*0.20264) for E greater than 15 MeV. The important point to make at present is not the precise fit to the calculated points but rather to make the simple statement that the strengh , displays an exponential decrease with energy. Table III , we see (2,0) states at 3.169meV and 6.768 meV with B(M1)'s of 2.013 and 5.512 respectively. This is a general pattern for other nuclei and other channels.
Closing remarks
We have made a detailed analysis of the spin and orbit contributions to B(M1) and found that in general they are both important. In earlier works [ ] in more deformed nuclei such as 156 Gd the picture presented for the excitation from the J=0 ground state to the J=1+ state of an even-even nucleus was that of an orbital excitation. It would be of interest to reexamine this region more critically to see how much the spin contributes. We see some indication in this work that spin goes down with deformation In comparing 44 Ti and 48 Cr in Table VI we see that in the former B(M1) spin=0.6249 and B(M1) orbit=0.1897. In the more deformed 48 Cr the corresponding values are 0.2475 and 0.3046.
There are also some specific points of interest. We have addressed the issue of constructive and destructive interference between spin and orbit amplitudes. In Table VII we see that B(M1)'s from J=1 to J=1 in 48 Cr are much smaller than in 44 Ti. There is a selection rule in single-j that s = (-1) ((Vp+Vn)/2) should not change. Evidently this selection rule almost holds even in the large space. Thus, despite the fact that collective aspects of B(M1)'s is a much studied subject there is still a lot to be learned. 
Acknowledgements

